period. Eggs were weighed and numbered, then divided into 3 groups according to EW: Heavy (H; 90-86 g), medium (M; 85-81 g), and light (L; 80-75 g). Ten eggs from each HPC and EW group (total of 60 eggs) were used to determine egg quality, and albumen and yolk characteristics. Shape index was calculated as a percentage according to the formula: [(egg width (cm)/ egg length (cm) × 100]. Eggshell breaking strength was measured using a quasistatic compression device (Prüftechnik, Berlin, Germany) . The egg content was broken onto a glass-top table and the shells were washed and dried. Eggshell thickness was measured in 3 different areas of the shell (upper end, lower end, and middle) with a micrometer. The heights of the thick albumen and egg yolk were measured with a tripod micrometer. The length and width of the albumen, and the yolk diameter was measured using a digital caliper. Albumen index, yolk index, and Haugh units were calculated using the formula by Card and Nesheim (1972) where Ht is the height of the albumen (mm) and EW is the weight of the egg (g). Egg internal and shell quality analyses were completed within 24 h of the eggs being collected.
The albumen and yolk were separated for each sample, and the pH for each was determined using a digital pH-meter (Selecta, pH-2004, Barcelona, Spain) . Then, the percentages of albumen and yolk weights, along with the ratio of yolk to albumen were determined. The basic chemical composition of egg albumen (moisture and protein contents) and yolk (moisture, protein, and lipid contents) was analyzed by standard methods (AOAC, 2000) . The cholesterol content of the yolk extract was determined according to the enzymatic method of TECO (2001) , calculated, and expressed in mg/g of yolk. Yolk lipids were extracted using the method of Folch et al. (1957) in order to determine the fatty acid composition. After alkaline hydrolysis of the yolk lipids, the fatty acids were methylated with boron trifluoride (AOCS, 1997) . Then, the fatty-acid methyl esters (FAME) were analyzed by gas chromatography (HP 6890, Agilent, Morristown, NJ) using an HP-88 column for FAME (100 m × 250 µm × 0.25 µm; Agilent). The gas chromatography conditions were as follows: injector temperature, 250°C; detector temperature, 280°C; carrier gas, H 2 ; split ratio, 1/50 to 1/25. The temperature program for the gas chromatograph started at 120°C for 1 min, followed by an increase of 10°C/min to 175°C, where it remained for 10 min. Then the temperature increased by 5°C/min to 210°C, where it remained for 15 min. Finally, the temperature increased by 5°C/min to 230°C, where it remained for 5 min. The resulting data peaks were identified by comparison of retention times with those of the corresponding standards for FAMEmix-37 (Supelco, Bellefonte, PA) and FAMEmix-C8-C24 (Supelco). Fatty acid peaks were identified between 4:0 and 24:0. The amounts of fatty acids were expressed as a weight percentage of the total FAME.
The egg samples used for the determination of hatchability and duckling quality were stored for 3 d at 17°C and 75% RH. Eggs were incubated in the same incubator at 37.5°C and 62% RH, and were turned (24 turns/ day) from 1 to 25 d of incubation. Egg samples were sprayed with water daily, starting from the eighth day of incubation until their transfer to the hatcher (Petersime, Olsene, Belgium) on d 25. The hatcher operated at 37.0°C and 72% RH. On the d 28 of incubation, the healthy ducklings were removed and recorded. Eggs that failed to hatch were counted, opened, and visually evaluated to determine fertility as well as the stage of the embryonic dead. As a result, the percentage of embryonic mortality could be categorized as early, middle, or late. The hatchability of fertile and total eggs were calculated. All ducklings were examined macroscopically to identify the different characteristics that can be associated with good, average, and poor quality ducklings (adapted from Tona et al., 2003) . These characteristics were scored according to their importance within a total scale of 100 (Table 1) . After the quality scoring, 20 good-quality ducklings (10 male and 10 female) from each group were weighed and reared to 1 wk of age in the brooder machine. During the 1 wk of rearing, a standard duck starter diet (2,900 kcal of ME/ kg and 22% CP) was provided ad libitum along with a photoperiod of 24L:0D. Each duckling was weighed at 1 wk of age. Weights of 1-d-old and 1-wk-old ducklings were used to calculate the relative growth (RG) as [100 × (BW at 1 wk -initial BW)/initial BW].
Statistical Analysis
Statistical analyses were performed using the software package SPSS for Windows (SPSS Inc., Chicago, IL). Data were tested for distribution normality and homogeneity of variance. A 2-way ANOVA was used to determine the differences between HPC and EW as well as their interactions with respect to the studied parameters. Significance of differences in proportions was determined using the Chi-squared test (Dawson and Trapp, 2001) .
RESULTS AND DISCUSSION
Egg quality is an important factor in the poultry industry because of its reproductive and economic im-plications. The results of this study showed that HPC had an effect on the albumen index and the Haugh unit of the egg samples (Table 2) . Shell breaking strength, shell thickness, and yolk index did not differ between HPC1 and HPC2. The albumen index ranged from 6.3 to 8.2% and was higher in HPC1 compared with HPC2 (P < 0.01) owing to a higher albumen height (data not shown). Also, the Haugh unit, ranging from 63.1 to 74.0%, was significantly higher in HPC1 compared with HPC2 (P < 0.05). However, Kokoszyński et al. (2007) reported a higher Haugh unit result (81.2%). This difference may be partially attributable to differences in strain and laying period, which are also related to egg quality.
The EW groups affected all of the egg quality parameters, except for shell breaking strength. The H group had a lower shell thickness, albumen index, and Haugh unit than the M and L groups. But the yolk index for the H group was higher than in the M and L groups (Table 2 ). This is likely because of a higher yolk height in the H group (data not shown). Eggshell thickness ranged from 377 to 396 µm. Yolk and albumen pH did not differ between EW and HPC groups.
The composition of egg samples was 53.0 to 55.6% albumen, 29.8 to 33.9% yolk, and 12.2 to 14.3% shell and membranes among the different groups (Table 3) . Egg weight affected the yolk, albumen, and shell percentages, whereas HPC only affected the shell percentage. As EW increased, the percentage of egg yolk gradually increased and the percentage of egg albumen decreased. Similarly, Reidy et al. (1994) reported that the EW of commercial turkey breeders increased approximately 11% between the onset of lay and 24 wk of production. During that time, yolk weight increased by 21%, but albumen weight only increased by 7%. The magnitude of those results slightly depended on genotype. We found that in H eggs during HPC2 the percentage of shell was lower. Kokoszyński et al. (2007) reported the percentage of shell ranged from 9.6 to 10.1%, with the greatest percentage found at the beginning of the laying period. This result was lower than our findings, likely because it was a different strain and laying period compared with our study.
In our study, the yolk to albumen ratio (0.55-0.63) was highest in H eggs (P < 0.001). reported a disproportionate change in yolk deposition with advancing hen age and EW, with the yolk to albumen ratio increasing from 0.52 to 0.61 from 31 to 42 wk of age. The ratio of yolk to albumen varies widely with the size of eggs. The proportion of yolk was reported by Kaminska and Skaraba (1991) to be lower in light eggs than in larger ones. However, the ratio did not differ between HPC groups at the same production level. Both the yolk percentage and the yolk:albumen ratio tended to be higher in HPC2, but these were not statistically significant. Yolk:albumen ratio, an important parameter in determining the solids content in the whole egg, was significantly affected by EW. The major constituents of yolk are proteins and lipids. Therefore, eggs with larger yolks have higher total solid content than those with smaller yolks. Applegate and Lilburn (1996) found that eggs from older breeders contained a greater amount of yolk and, therefore, lipids, providing an advantage compared with the eggs of young breeders. In our study, yolk moisture, ash, and protein, and albumen moisture contents in eggs from HPC2 were lower compared with those in HPC1, whereas yolk lipid, yolk triglycerides, and albumen ash and protein contents were higher in HPC2 compared with HPC1.
Oleic acid content was found to be greater than the other fatty acids in all examined groups of eggs (Table  4) . Myristic acid, palmitic acid, stearic acid, and total saturated fatty acids were higher in HPC2 compared with HPC1, whereas oleic and linoleic acids were lower. It is known that egg fatty acid content is affected by many factors (age, genotype, ration, season, and so on), and we found that HPC affects egg fatty-acid content as well. Fatty acids have an important role in embry- onic and subsequent periods of life (Dikmen and Şahan, 2009). Our results also indicated that EW had a significant effect on egg fatty acids, except for myristic, linoleic, and polyunsaturated fatty acids. Monounsaturated fatty acids were higher in L eggs, whereas saturated fatty acids were higher in M eggs. Fertility, embryonic dead, hatchability of all eggs, and hatchability of fertile eggs were not different among EW and HPC groups (Table 5 ). This result is in disagreement with the findings of Nestor and Noble (1995) and Hartmann et al. (2002) who found a positive correlation between egg-yolk ratio and hatchability of fertile eggs in turkeys and in a White Leghorn populations. This difference may be because we used a different species.
In HPC2, both hatching and 1-wk weights of ducklings were higher than from eggs of similar weights in HPC1 (Table 6 ). This result was probably because of the greater yolk percentages and total yolk lipids. Yolk content influences chick body composition and viability (Donaldson, 1964; Noble and Tullett, 1989) . During the incubation period, the main nutrient source for the developing embryo is the yolk, which is a complex source of nutrients, including all of the fat-soluble nutrients in the egg. According to Decuypere (1979) and McLoughlin and Gous (1999) , chick BW at 1 wk of age is linearly related to the BW at slaughtering age. In this study, weight at 1 wk of age and RG were higher in HPC2 compared with that in HPC1. Lilburn (1996, 1998) reported that turkey hens deposit proportionately more yolk into the egg with increasing hen production age. They theorized that increased yolk deposition would lead to a subsequent increased yolk availability for a higher growth rate during the last week of incubation. Similarly, in this study, higher duckling weight resulted from higher EW. Milisits et al. (2010) theorized that larger eggs may be advantageous for 2 reasons: 1) they can provide more space for the chick's development; and 2) they can produce chicks with larger nutrient reserves, such as yolk lipid and fatty acids, at hatch. In this study, duckling quality did not differ among HPC and EW groups.
In conclusion, HPC and EW both significantly affected certain egg traits and traits of ducklings at the same production level. In HPC2, the albumen index and the Haugh unit were lower, and shell percentages, yolk lipids and triglycerides, albumen ash and protein, saturated fatty acids, duckling weight, and RG were higher compared with those in HPC1. The H eggs had a higher yolk index, yolk:albumen ratio, duckling weight, and RG than M and L eggs. Egg weight significantly affected fatty acid content, except myristic and linoleic acid, and polyunsaturated fatty acids.
